The urinary albumin to creatinine ratio (UACR) is an independent predictor of outcomes in patients with diastolic dysfunction. Thus, we investigated the relationship between diastolic dysfunction, UACR, and diabetes mellitus (DM) in the EDEN study. We investigated the effect of switching from an angiotensin-converting enzyme inhibitor (ACEi) or angiotensin receptor blocker (ARB) to a combination of losartan and hydrochlorothiazide on left ventricular (LV) relaxation in patients with hypertension and diastolic dysfunction. We enrolled 106 patients with and 265 patients without DM. All patients had diastolic dysfunction and had not achieved their treatment goals with an ACEi or ARB. The measurements of e′ velocity and E/e′ ratio was performed with echocardiography as markers of LV diastolic function. We switched the ACEi or ARB to losartan/hydrochlorothiazide and followed these patients for 24 weeks. UACR was decreased in patients with DM (123.4 ± 288.4 to 66.5 ± 169.2 mg/g creatinine; P = 0.0024), but not in patients without DM (51.2 ± 181.8 to 39.2 ± 247.9 mg/g creatinine; P = 0.1051). Among DM patients, there was a significant relationship between changes in UACR and changes in e′ velocity (r = -0.144; P = 0.0257) and between changes in estimated glomerular filtration rate and changes in the E/e′ ratio (r = -0.130; P = 0.0436). Among patients without DM, there was a significant relationship between changes in high-sensitivity C-reactive protein (hs-CRP) and changes in E/e′ (r = 0.205; P = 0.0010). Multivariate analysis demonstrated changes in hemoglobin A 1c levels as one of the determinants of change of e′ and E/e′ in patients with DM, whereas hs-CRP was the determinant of change of e′ among patients without DM. These data suggest that improvement in LV diastolic function is associated with an improvement of DM and a concomitant reduction in UACR among DM patients, and with a reduction of hs-CRP in patients without DM when thiazide is added to a renin-angiotensin blocker treatment regimen.
Introduction
Increased excretion of albumin into urine is an established risk factor for mortality, cardiovascular events, and adverse renal outcomes in the general population, 1,2 as well as in patients with diabetes mellitus (DM) 3, 4 and those with hypertension. 5, 6 Increased albumin excretion may be a marker of diffuse vascular injury, systemic inflammation, activation of the renin-angiotensin system, altered glomerular hemodynamics, or abnormal tubular function. [7] [8] [9] Many, if not all, of these pathophysiological abnormalities also occur during heart failure. 10, 11 The prevalence of microalbuminuria in hypertensive and DM patients (10%-15% and 15%-20%, respectively) is higher than that in the general population (6%-8%). 12 Microalbuminuria is more frequent among patients with diastolic heart failure than in those with systolic heart failure (40% versus 24%). 13 Recent data suggest that in the context of severe abnormalities of endothelial function, as in heart failure, albuminuria is a strong predictor of endothelial dysfunction 14, 15 and of high levels of circulating inflammatory mediators. 14, 16, 17 The level of albumin in the urine is a predictor of heart failure in the general population and in patients with cardiovascular risk, such as those with DM.
In this study, we analyzed a subset of the data from the EDEN study. 18 In the EDEN study, switching from an angiotensin-converting enzyme inhibitor (ACEi) or angiotensin receptor blocker (ARB) to losartan/ hydrochlorothiazide (HCTZ) was associated with a reduction in blood pressure (BP), improvement in left ventricular (LV) relaxation, amelioration of heart failure, and attenuation of systemic inflammation in patients with hypertension and diastolic dysfunction. There were no changes in fasting glucose levels, hemoglobin A 1c (HbA 1c ), fasting insulin levels, or homeostasis model assessment insulin resistance (HOMA-R) after switching to losartan/HCTZ. However, the urinary albumin to creatinine ratio (UACR), systolic BP, and high-sensitivity C-reactive protein (hs-CRP) levels were lower at final follow-up than at prior to losartan/HCTZ treatment. UACR is elevated in DM patients, as compared to non-DM patients. 12 In the original EDEN study, changes in diastolic dysfunction (e′ and E/e′) were associated with changes in hs-CRP. However, the association between UACR and DM was not examined in the original study.
The aims of this study were: (1) to determine the impact of the change in UACR in DM and non-DM patients; (2) to determine the impact of the relationship between diastolic dysfunction (e′ or E/e′) and UACR in DM and non-DM patients; and (3) to determine the impact of the relationship between diastolic dysfunction (e′ or E/e′) and hs-CRP in DM and non-DM patients using the EDEN study dataset.
Methods

Study population
To determine their eligibility for inclusion in this study, we used echocardiography to assess the systolic and diastolic function of men and women who were 20 to 80 years of age, had a history of stage 1 or 2 essential hypertension (mean BP measurement, .140 mmHg systolic or .90 mmHg diastolic), and were receiving treatment with an ACEi or ARB. Diastolic dysfunction was defined as a mitral annular relaxation velocity of #8 cm/second. Exclusion criteria were an LV ejection fraction of ,50%, septal mitral annular relaxation velocity of .8 cm/s, treatment with diuretics, and atrial fibrillation at baseline. The study protocol was approved by the ethics committees of the Osaka Foundation for the Prevention of Cancer and Cardiovascular Diseases, and written informed consent was obtained from all patients before any study procedures were conducted. In the present study, we compared data from participating patients with and without type 2 DM.
Study protocol
The patients were followed for at least 4 weeks to confirm that the target BP (systolic BP of ,130/80 mmHg) was not achieved by treatment with an ACEi or ARB. All patients underwent echocardiographic screening for systolic and diastolic function before altering their treatment regimen. ACEi or ARB administration was discontinued, and the treatment regimen was switched to losartan 50 mg/HCTZ 12.5 mg. No other medications were changed during the study period. BP and heart rate were measured at each study visit while patients were in a seated position. The adequacy of antihypertensive therapy was determined based on measured BP. The use of any concomitant antihypertensive medication was recorded at each study visit. If BP was not adequately controlled, treatment in addition to diuretics was considered. Patients who received such additional treatment were excluded from this study.
Patients were assessed at 4-week to 8-week intervals for at least 24 weeks. At the end of the study, patients underwent echocardiographic assessment. Blood and urine tests were performed at baseline and at completion of the study. We collected blood samples from fasted patients for measurement of brain natriuretic peptide (BNP), hs-CRP, and additional exploratory blood analyses. Urine was collected for measurement of spot UACR. We used the following formula to calculate estimated glomerular filtration rate (eGFR):
The resulting eGFR value was adjusted for female patients by multiplying it by 0.739. 19 
Echocardiographic data analysis
Measurement of echocardiographic data was performed as described previously. 18 Doppler tissue interrogation of longitudinal mitral annular velocity was recorded at the septal annulus in the apical four-chamber view throughout submit your manuscript | www.dovepress.com the cardiac cycle. The peaks of apically directed systolic (s′) and early diastolic (e′) myocardial velocities were measured. In the original study, 18 primary endpoints were changes in e′ velocity and the ratio of mitral inflow velocity to e′ velocity (E/e′ ratio) between baseline and follow-up. Secondary measures included changes in BP, heart rate, wall thickness, LV mass index, and the left atrial volume index between baseline and follow-up.
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Statistical analysis
All results are expressed as the mean ± SD or as proportions (%) unless otherwise specified. Baseline group differences were compared using the unpaired t test for parametric data and the Wilcoxon rank sum tests for nonparametric data, respectively. The paired t test was used to compare parametric data, while the Wilcoxon signed rank test was used to compare nonparametric data before and after treatment within groups. Chi-square tests were used for categorical variables. Paired t-tests were used to compare continuous variables before and after treatment within groups.
After adjusting for baseline values, the comparison between DM and non-DM patients was performed using analysis of covariance for parametric data, and the van Elteren test for nonparametric data. Correlations between continuous variables were assessed using bivariate analysis, and Pearson's coefficient was estimated. Multivariate linear regression analysis was used to determine the independent factors of changes in e′ velocity and E/e′ in patients with and without DM, respectively. The following factors were included in the analysis: age, body mass index (BMI), and changes in systolic blood pressure, eGFR, HbA 1c , and UACR. Differences were considered statistically significant at P-values , 0.05. 
Results
Patient characteristics
We analyzed data from 371 participants in the original EDEN study. Of these, 106 patients had DM at baseline and 265 did not. The percentage of patients using ARBs and ACE did not differ significantly between DM (89.6% and 10.4%, respectively) and non-DM (87.1% and 12.9%, respectively) patients. Table 1 summarizes the baseline characteristics of patients with and without DM. Hyperlipidemia, renal disease, angina pectoris, BMI, fasting blood sugar, HbA 1c , UACR, HOMA-R, and E/e′ were higher in patients with DM than in those without. However, there were no significant differences in age, sex, myocardial infarction, cerebral infarction, cerebral hemorrhage, transient ischemic attacks, smoking, alcohol consumption, New York Heart Association classification, systolic BP, diastolic BP, heart rate, serum creatinine, uric acid, BNP, hs-CRP, e′, LV mass index, or ejection fraction between the two groups.
Changes in hemodynamic and laboratory data Table 2 summarizes the changes in hemodynamic and laboratory data in patients with and without DM between baseline and at least 24 weeks after losartan/HCTZ treatment. Systolic BP, diastolic BP, triglycerides, alkaline phosphatase, blood urea nitrogen, potassium, chloride, and hs-CRP levels decreased in both groups after treatment with losartan/HCTZ. B-type natriuretic peptide, eGFR, sodium, lactate dehydrogenase, serum albumin, γ-glutamyl transpeptidase, heart rate, total cholesterol, and high-density lipoprotein-cholesterol decreased, while serum creatinine and creatinine phosphokinase increased in non-DM patients after losartan/HCTZ treatment. UACR and HOMA-R decreased in DM patients after losartan/HCTZ treatment. Baseline BP was similar between groups, and the reduction in BP after losartan/HCTZ treatment was similar for DM and non-DM patients Although UACR and HOMA-R decreased in DM patients after losartan/HCTZ treatment, baseline UACR was higher in patients with DM than in those without DM. After adjusting for baseline data, a greater decrease in HbA 1c was observed in DM patients than in non-DM patients. Table 3 summarizes the changes in echocardiographic parameters in patients with and without DM between baseline values and those obtained after losartan/HCTZ treatment. LV end-diastolic dimension, left atrial dimension, left atrial volume index, interventricular septal wall thickness, posterior wall thickness, isovolumetric relaxation time, E/e′, and the LV mass index were lower in both groups after treatment than at baseline, while e′ and s′ were higher in both groups after losartan/HCTZ than at baseline. Early ventricular filling velocity was higher in non-DM patients after losartan/HCTZ treatment than at baseline; however, analysis of covariance revealed no significant difference between the DM and non-DM groups.
Changes in echocardiographic parameters
relationship to UACr were significantly associated with changes in e′, and changes in eGFR were signif icantly associated with changes in E/e′ in patients with DM, but not in those without DM.
relationship to hs-CrP Table 5 shows the relationship between changes in diastolic function and changes in hs-CRP. Changes in hs-CRP were significantly associated with changes in e′ in patients with DM (r = -0.312, P = 0.0016), but there was no significant relationship between changes in hs-CRP and changes in E/e′ (r = 0.173, P = 0.0853). In patients without DM, changes in hs-CRP were associated with changes in e′ (r = -0.317, P , 0.0001), and changes in hs-CRP were associated with changes in E/e′ (r = 0.205, P = 0.0010).
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Determinants of e′ and E/e′ in patients with and without DM
In patients with DM, multivariate analysis demonstrated that the determinants of the changes in e′ were age (P = 0.004), changes in systolic BP (P = 0.003), and changes in HbA 1c (P = 0.04). Also, BMI (P = 0.004) and changes in HbA 1c (P = 0.01) were independent factors for changes in E/e′. In contrast, changes in systolic BP (P = 0.0008) and hs-CRP (P = 0.03) were independent factors for changes in e′ in patients without DM. Finally, changes in systolic BP (P = 0.06) and changes in hs-CRP (P = 0.1) did not reach statistical significance as determinants of changes in E/e′.
Discussion
Measuring the UACR in a random urine specimen is a convenient method for detecting increased albumin excretion. 20, 21 UACR is a powerful and independent predictor of heart failure. 22 In this study, UACR was decreased in patients with DM, but not in patients without DM. Recent data suggest that UACR strongly predicts endothelial dysfunction in patients with heart failure. 14, 15 In this study, changes in e′ and changes in UACR were significantly correlated in the DM group, but not in the non-DM group. UACR and diastolic dysfunction are correlated in DM patients. The decrease observed in UACR levels after losartan/HCTZ treatment might be a consequence of improved patient control in their diabetes management, since better patient management of diabetes is generally associated with a decrease in HbA 1c . Better controlled DM and concomitant UACR reduction with losartan/HCTZ treatment seems to improve LV diastolic function in patients with DM.
In this study, changes in eGFR and changes in E/e′ were significantly related in DM patients, but not in non-DM patients. A prospective study of the relationship between the echocardiographic parameters of LV diastolic function and mild-to-moderate renal function impairment in patients with type 2 DM found a significant correlation between eGFR and E/e′ in patients with e′ # 7.1 cm/s, but not patients with e′ . 7.1 cm/s. 23 In our study, we found a similar significant correlation between eGFR and E/e′ in DM patients with e′ , 7.1 cm/s.
In our original study, 18 hsCRP significantly decreased with changes in treatment from ACEi or ARB to losartan/ HCTZ. However, the association between hsCRP and DM was not examined in the original study. CRP levels are elevated in patients with diastolic dysfunction, and they correlate with disease severity as well as LV preload. 24 The mechanism of CRP elevation in patients with diastolic dysfunction has not been elucidated. In this study, there was a correlation between changes in hs-CRP and changes in E/e′ in non-DM patients, but this was not observed in DM patients. A reduction in LV preload with changes to losartan/HCTZ may contribute to a reduction in hs-CRP in non-DM patients.
Limitations
This study is an analysis of a subset of data from the EDEN study. The original EDEN study was a single-arm trial. However, the main objective of the present study was not to monitor clinical outcomes, but to detect changes in objective parameters that allow for the assessment of changes in LV diastolic function after switching from ACEi or ARB to losartan/HCTZ treatment.
Conclusion
In this study, UACR was decreased after switching from ACEi or ARB to losartan/HCTZ in patients with DM, but not in patients without DM. Changes in e′ and changes in UACR were significantly correlated in DM patients, but not in non-DM patients. On the other hand, there was a correlation between changes in hs-CRP and changes in E/e′ among non-DM patients, but this was not noted in DM patients. 
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